Drug-related problems in older people during care transitions have become a major public health problem since they threaten patient safety. The objective of our paper is to investigate the extent and frequency of drug-related problems (discontinuity, adherence, errors, interactions and adverse events) after hospital discharge and the efficacy of interventions intended to reduce them. We included 20 studies in the review. All of them underlined the high frequency and complexity of drug-related problems in older people after hospital discharge. Interventions proposed to improve care transitions led to diverse and sometimes contradictory results, but the findings suggested that combining hospital discharge measures with home follow-up strategies is of value. We conclude that it is not possible to estimate the frequency of drug-related problem through a review of selected articles or to evaluate the efficacy of the proposed interventions. More research is needed in this field to reduce uncertainty and generate evidence-based recommendations for physicians.
Background
Drug-related problems (DRP) are events or circumstances involving drug therapy that actually or potentially interfere with desired health outcomes [1] . When suffered by older adults after hospital discharge, they pose a complex situation-presumably a common one, although it is not possible to estimate the frequency from published studies. There are several classifications of DRP [1, 2] that are summarised in Table 1 . In 2004 the World Health Organization launched the World Alliance for Patient Safety [3, 4] , one of whose initiatives is to assure medication accuracy at transitions of care by means of medication reconciliation, a powerful strategy to reduce DRP in patients moving through settings of care.
Older people are a vulnerable population group because of their increased prevalence of chronic diseases and drug consumption. The association of these factors with metabolic changes predisposes older people to suffer interactions and adverse drug events, especially as they generally have more hospital admissions and discharges [5, 6] . During these care transitions some risks may appear, essentially DRP and care fragmentation [7] . DRP can be manifested in several ways. Discharge reports usually include new drugs, but sometimes also reflect discontinuities of chronic treatment taken before hospital admission, or medication errors [8, 9] . Once at home, adherence problems may appear due to inadequate knowledge about the treatment, lack of understanding or excessive complexity. Medication errors may as well produce interactions and adverse drug events [10, 11] . In addition, low-quality care transitions might also lead to unnecessary readmissions, to inappropriate use of emergency services and to patient or carer dissatisfaction [12, 13] .
Several interventions have been proposed to improve this situation. In-hospital protocols of medication reconciliation have been developed, and discharge planning, including pre-discharge patient interviews, has also been tried [14] [15] [16] . Domiciliary measures consist of telephone follow-up or home visits intended to help the patient with the problems that may appear when arriving home, as well as to reinforce compliance with the treatment plan [17] . Both approaches require the involvement of different professionals (e.g. doctors, pharmaceutics, nurses, etc.) [18] .
At the moment it is difficult to undertake a global view of DRP and the interventions proposed so far to improve this situation. Accordingly, the aims of this review were twofold. Firstly, we wished to estimate the extent, frequency and types of DRP suffered by older adults after hospital discharge. Secondly, we hoped to assess the quality, validity and outcomes of the proposed interventions and draw conclusions that could help improve the quality of care transitions and prevent DRP associated with these transitions.
Methods
We conducted a review of articles published between January 1998 and December 2009 and indexed in the Scopus database (which includes the whole Medline database), the Cochrane Database of Systematic Reviews, the Cochrane Controlled Trials Database, Embase and Psycinfo. The initial search terms were discharge, elderly, continuity of care, transitional care, health education, compliance, discontinuity, treatment adherence, adverse drug events, medication errors and DRP, and their synonyms. The keywords of the articles included in the review were precisely these search terms initially chosen. Searches were constructed with the following limits: years 1998-2009 inclusive, full text and language of publication (Spanish, English, French, Italian or Portuguese).
Our research topic encompasses a broad area with numerous ramifications and related subjects. Therefore, the initial wide-ranging search obtained through the mentioned keywords had to be refined to centre on descriptions of DRP or description and analysis of proposed interventions to manage them. Subjects were necessarily older adults; although we did not establish a specific age range, we included in the review any report involving a population aged more than 60 years. With regard to the care setting, only hospital discharges were considered, and hospital admissions or discharges from other settings such as retirement homes were excluded. We also searched for intervention effects (main or secondary results) that were related to improvements in medication management, use of health services (especially readmissions or emergency room use) or patient's and carer's satisfaction with the discharge process.
Basic exclusion criteria were the following: different setting than hospital discharge and non-elderly participants. The application of these criteria implied the removal from the analysis of 27 articles of the initially selected. Subsequently, we broadened our exclusion criteria with two objectives. Firstly, to exclude from the analysis aspects of the research that made it difficult to generalise the results and secondly, to leave out any topics related to our subject of study but whose approach used a different perspective. In the application of these new broadening exclusion criteria, 36 articles were excluded because they only exposed comments on general problems of care transitions or they tried to explain possible causes of DRP after hospital discharge. Sixteen others were excluded because the setting was limited to a specific hospital department or because the participants were only patients with a specific pathology. There was also a group of 16 excluded articles that were centred in descriptions of patients or caregivers experiences about hospital discharge. Eight articles were not included since they analysed hospitalisations caused by DRP, instead of DRP appearance at hospital discharge. Finally, five articles were discarded because a complete abstract in English was not available.
For each publication included, we reviewed the reference list to locate new articles eligible for inclusion. Books were not considered for inclusion, and expert opinions were not sought. Two authors (M.G.C. and F.R.D.) evaluated all initially retrieved items independently and in a blind manner to determine which should be included in the final sample. Their evaluations were compared and disagreements were resolved by discussion. When necessary a third person was consulted (A.B.C.) to reach a consensus on whether to include or exclude a given item.
Findings of interest from all included studies were tabulated, and quality of the evidence from each study was analysed with the help of a specially-designed checklist of quality criteria. The criteria were representativeness of the sample, justification of sample size, losses of subjects and participation rate explained, variables defined and measured adequately, use of a structured questionnaire, control of information bias, control of confounding bias, results relevant to the objectives, conclusion based on results and limitations explained.
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Results
We initially identified 130 potentially relevant papers, of which only 23 met all the inclusion criteria: 8 cross-sectional studies, 6 cohort studies, 4 quasi-experimental studies and 5 clinical trials. Drug-related problems in older people at hospital discharge Cross-sectional and cohort studies together involved a total of 3,464 participants. Experimental studies included a total of 1,325 patients in the intervention groups and 1,322 patients to the control groups.
Most studies were done in the United States (11) , and the final sample of articles included participants from five other countries (United Kingdom, Australia, Spain, Israel and France).
Regarding the year of publication, 5 of the 20 articles were published in 1999, 6 in 2008 and 3 in 2009. With respect to the number of participants in each study, 4 studies involved more than 500 subjects, 5 articles included 300-500 participants and the other 14 articles included fewer than 300 participants. When we searched for associations between the variables 'year of publication' and 'study design', we failed to find the expected trend toward an increase in the proportion of analytic studies over time. The distribution of study designs throughout the publication period in fact showed no clear trend.
We also tried to find a relationship between 'total number of participants' and 'study design' but found no association between the sample size and study designs yielding different qualities of evidence.
The articles were published in a variety of journals, mostly in the fields of medicine and pharmacology. There were also articles in nursery and geriatric journals, as well as in multidisciplinary journals (e.g. nursery/pharmacology and geriatrics/pharmacology).
The criteria we used to evaluate the quality of evidence in the articles are summarised in Table 2 . In general, selection bias was present in most articles due to their small sample size, and only 56.5% of the articles chose a representative sample of the studied population. The quality criterion from our checklist that was most frequently fulfilled was adequate definition and measurement of variables (91.3% of the papers) and also relevance of the results to the stated objectives (78.2%). In contrast, few articles justified the sample size for a certain statistical significance or confidence interval (only 21.7%). The best-quality articles were clinical trials (they fulfilled 82% of the quality criteria), followed by cohort studies that fulfilled 70% of them.
Details about the extent, frequency and types of DRP in older adults after hospital discharge are presented in Table 3 .
The outcome measures were heterogeneous and therefore difficult to compare. Only four cohort studies estimated incidence measures, and duration of post-discharge follow-up differed in each study. Incidences of DRP ranged from 18.4% (over-adherence to medication in a 2-week period following hospital discharge) to 37.5% (medication regimen modifications in a 1-month post-discharge period). Crosssectional studies gave information about prevalence. The results from the most powerful studies (603, 375 and 342 participants) showed a 52.7% prevalence of suffering at least one medication reconciliation error at discharge, a 14.1% prevalence of post-hospital medication discrepancies and a 46% prevalence of non-compliance during the same period.
Regarding the classifications of DRP, discrepancies among studies were frequent. Some articles reported the classic types of DRP (adverse reactions, drug choice problems, dosing problems, drug use problems, interactions). Two of them agreed that the most frequent DRP at hospital discharge was the addition of a new drug or dose change but two other articles stated that the most frequent DRP was drug discontinuation/omission. A number of articles focussed on whether the causes of DRP were patient-associated or system-associated, but did not agree on the results. Two studies used a DRP classification that distinguished between possible, probable and definite DRP, but the results of these two studies were again discrepant. Finally, only one of the articles reviewed here dealt with the important issue of the potential preventability of adverse drug reactions. This article claimed that more than one-third of these reactions could have been prevented. Table 4 shows the outcomes in the eight articles that dealt with interventions to improve care transitions. Four of them focussed on planning the discharge process, often proposing the figure of the pharmacist as transition co-ordinator. All of these planning interventions achieved good results compared to the control groups in some of the measured outcomes, e.g. discrepancy-related adverse drug reactions, drug knowledge and compliance and medication use across health sectors.
Two other interventions were based on follow-up, and the results of these studies were not conclusive. There were also three studies of interventions that combined discharge planning and follow-up. Two of them obtained good results Drug-related problems in older people at hospital discharge M. Garcia-Caballos et al. Inpatient pharmaceutical counselling prior to discharge At visit 1 (2-3 weeks after discharge), drug knowledge (P < 0.01) and compliance (P < 0.001) were better in the study group. At visit 2 (3 months post-discharge), compliance had improved in the study group (P < 0.001). At both visits the intervention reduced unplanned visits to the doctor and readmissions.
Boockvar et al. No differences regarding adverse events.
Koehler et al. 
Clinical trial
Planning and follow-up 598 patients aged ≥65 years who required community services after discharge (311 int/287 ctrl) Post-acute care programme In the post-acute care, programme group had better quality-of-life scores at 1-month follow-up, lower costs (mean difference, $1,545; 95% CI, $11-$3,078) and significantly fewer hospital bed-days in the 6 months after discharge (mean, 3.0 days; 95% CI, 2.1-3.9) than control patients (5.2 days; 95% CI, 3.8-6.7). No difference in mortality (both 6%) or unplanned readmissions. No evaluation of drug-related problems.
Midlöv et al. 
Medication report
In the intervention group, 32% patients had at least one medication error, and 15% patients had errors that were considered to have a moderate-high risk of clinical consequences, compared with 66% and 32% patients, respectively, in the control group. The differences were statistically significant (P < 0.001).
Drug-related problems in older people at hospital discharge Table 4 . No evaluation of drug-related problems.
Nazareth et al. M. Garcia-Caballos et al.
regarding lower costs and other two reported a reduction of unplanned readmissions (although in one case this reduction was only present at the first visit-day 30-and disappeared at the second visit-day 60). We emphasise that the intervention of the most powerful clinical trial (in terms of number of participants) achieved good results only in terms of quality of life and lower costs, but not in the main outcome measures (mortality and unplanned admissions).
Discussion
In recent years patient safety has become a major concern for health providers, and medication management is one of its more relevant aspects. Many articles dealing with this topic and related subjects have been published, which reflect both the relevance of the issue and the many questions that remain unanswered at this time [17] . It is difficult to draw definitive conclusions from our review due to the heterogeneity of study designs, the DRP investigated, the interventions tested and their possible effects, although we tried to reduce this heterogeneity by developing narrow exclusion criteria. One of the limits of our investigation is precisely due to these exclusion criteria. Some investigations were held at very particular settings (e.g. cardiology or neurology) and others included only patients with a specific pathology. We excluded both of them in order to reduce the diversity of the study populations, although in some cases the interventions proposed to reduce DRP could be of interest.
Most of the studies included in the present review were marred by selection and information biases that make caution necessary in interpreting results. Moreover, the variety of settings, each involving a different health system, limits the external validity of our conclusions.
We found no review articles that sought to estimate the extent and importance for older adults of DRP associated with transfers between different care settings. This situation, together with our finding of large differences in the prevalence of DRP (ranging from 14.1 to 46%), may reflect the fact that the articles we reviewed are not readily comparable because of differences in setting, characteristics of the participants and the measures used.
There have been previous attempts to search for a figure that could act as a care transition co-ordinator, such as the community pharmacist or the 'link nurse'.
Several systematic reviews have been published in the last decade [18, 19] to assess the effects of supporting discharge from hospital to home in people of all ages. Their findings showed that there was uncertainty about the effect of this support on hospital admissions, functional status or patient and carer satisfaction but that some interventions may have a positive impact, particularly those that combine planning and support [20, 21] . The evidence was very limited, as in our case.
We emphasise that some articles attempted to distinguish between non-intentional and intentional discontinuities. Non-intentional discontinuities due to lack of knowledge of the pre-admission treatment or to medication errors should be detected and corrected in the pursuit of patient safety. In this connection, both non-intentional discontinuities and medication errors may lead to adverse drug effects. Several studies have focussed on distinguishing between preventable errors and unavoidable errors. Once detected, measures could be developed to prevent at least some medication errors.
An important issue that should be considered is why DRP appear after hospital discharge in older adults. One possible explanation may be that the actual tendency is to shorten hospital stays which makes it difficult for the health care team to adequately prepare the discharge process [21, 22] . Other authors [23] suggest that the inappropriateness of the communication between in-hospital and community caregivers may be also in the origin of these DRP.
We believe these are interesting research lines that would allow progress to be made toward a scientific consensus about the potential preventability of medication errors. This consensus should ideally be multidisciplinary, as the problem has been tackled in journals from different fields such as nursing, internal medicine, pharmacy and geriatrics [8, 9, 16, 17] .
Conclusions
DRP are common among older people after hospital discharge, but so far they have not been systematically studied. Therefore we are unable to offer precise information about prevalence and incidence or about the most frequent DRP. The interventions tested thus far have not yielded conclusive results, and the findings cannot be extrapolated to different care settings. However, the most efficient interventions seem to be those that focus on discharge planning, and their effectiveness probably improves further when they are combined with home follow-up strategies.
Key points
• DRP are common among older people after hospital discharge and are relevant since they threaten patient safety.
• Articles published to date are unable to offer precise information about the frequency of DRP.
• The interventions tested thus far to prevent or mitigate DRP have not yielded conclusive results.
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